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Numbers of Rangifer are declining rapidly; therefore appropriate measures to slow down or stop the decline in numbers have to be implemented. In order to do that, detailed knowledge about the animals is needed. 
One important piece of information about herd status is the pregnancy rate. Measurement of blood progesterone concentration has been proven effective for pregnancy diagnosis in ruminants and, consequently plasma progesterone levels have been commonly used for pregnancy diagnosis in Rangifer as well. But there is still a major problem: It is very difficult to collect blood samples from wildlife in the Arctic. Conventional sampling methods are not very well suited for the harsh environmental conditions. One good alternative to conventional blood collection methods is the use of filter paper (FP). But as FPs have never been used for measuring progesterone in Rangifer, the first objective of the present study is to determine whether FP blood samples are suitable for this purpose. The second is to assess how different collection/storage conditions and times affect the detection of progesterone using this tool.
Results show that FPs can be used for measuring progesterone, but that the measured values are different from the measured serum values. There is no difference between the different collection and storage conditions but there is a significant difference between the 1 week and 1 month storage times.
































Today, there are more than 4 million wild and 1.8 million domestic reindeer and caribou 
(genus: Rangifer tarandus ) inhabiting the arctic and sub-arctic regions of the earth. This fundamental species has been and continues to be of high economic and cultural value to nearly every indigenous group in the Arctic.18,A,B Recent studies indicate that Rangifer numbers are declining rapidly. Some herds have declined by thousands, some by hundreds of thousands over the past 20 years. The Committee on the Status of Endangered Wildlife in Canada currently lists some Rangifer tarandus species as endangered or threatened over large areas of their distribution.C Historically, Rangifer herds have been known to hit a low about every 30 years, but today there is question whether they will be able to recover in the face of the climate change.A,B

In order to implement appropriate measures to slow down or stop the decline in numbers, detailed knowledge about the animals is needed. At present, the knowledge about many of the Arctic’s significant Rangifer populations is fragmentary. Therefore, the CircumArctic Rangifer Monitoring & Assessment Network (CARMA) proposed an initiative to launch an extensive coordinated monitoring program that will provide a solid baseline of information on representative Rangifer populations.D 

One important piece of information about herd status is the pregnancy rate. This information reveals whether there will be enough offspring to guarantee the survival of the different herds and it is also an indirect indicator of overall herd health.
Lyver and Gunn (2004) found that the body condition of Rangifer significantly affects reproductive potential. Specifically, their analysis revealed that fat adult females had a greater probability of being pregnant than thin cows. In line with this, Flood et al. (2004) found positive associations between body mass or fat reserves during breeding season and subsequent fertility. These findings suggest that energetic restrictions are important relative to fertility, but the physiological significance of this association is still unknown.
In addition to scientists, people in northern communities also recognize that body condition of Rangifer is an important indicator of general herd condition.7
Pregnancy rates can indirectly be used as an indicator of herd health. That is, if a herd pregnancy rate is high then it is very likely that most animals are healthy and in good condition. If the rate is low this could indicate the opposite. 

In order to determine the pregnancy rate in Rangifer herds, a suitable method for pregnancy diagnosis is needed. Detailed information about the different methods for pregnancy detection can be found in Appendix I.
The most suitable method for pregnancy diagnoses seems to be the measurement of biochemical markers in blood.1 Measurement of blood progesterone concentration has been proven effective for pregnancy diagnosis in ruminants and, consequently plasma progesterone levels have been commonly used for pregnancy diagnosis in Rangifer as well.4,12 
It might seem that the use of progesterone as proof of pregnancy would be unnecessary if the presence or absence of a foetus can be observed by the hunter during butchering. However, sometimes hunters forget to write down whether the animal was pregnant or not and in these cases using FP to measure progesterone can serve as proof for pregnancy.

To be able to interpret the results of the blood progesterone concentrations the right way, knowledge about the estrous cycling and pregnancy-related endocrine profile of Rangifer is essential. Information about these subjects can be found in Appendix II.

Although testing blood for progesterone appears to be a very suitable method for pregnancy detection in Rangifer, there is still a major problem: It is very difficult to collect blood samples from wildlife in the Arctic. Conventional sampling methods are not very well suited for the harsh environmental conditions. Hunters, biologists and other researchers are the main groups accessing these animals, but sampling with the needles and tubes can be difficult. Often, the blood freezes in the tube or clots before it can be transferred to a tube and transporting glass tubes is a challenge as well.
Considering the fact that information about pregnancy rates in the herds is needed, it is very important that these groups of people have an easy way to collect blood from Rangifer. They have access to the animals and can provide blood samples to researchers. Hunters can collect blood samples during harvest which will provide a lot of information to researchers. The hunts occur all year around and in many different areas of the world so with these samples a very good overview over all the herds can be obtained.

Biologist can take blood samples when they capture and release caribou during radio collaring procedures.

One good alternative to conventional blood collection methods is the use of filter paper (FP). 
FPs possess some advantages over conventional sampling methods; they appear to be extremely well-suited to harsh environmental conditions with respect to handling and storage.8 Extra information on FPs can be found in Appendix III.
There are multiple possible applications of FP for caribou blood sampling. For example, biologists are very interested in ways to facilitate pregnancy detection in caribou and FP collection offers some potential advantages during capture operations.
Alternatively, if it is easier to locate or sample from a peripheral vessel (such as an ear vein), such a vessel could be nicked and blood could be dripped on to saturate FPs. This minimally invasive procedure can be done quickly by a person with little training (as opposed to the challenges of venipuncture through an extremely thick pelage), and might even shorten the time to animal release, which is key during captures.
Hunters and other laypeople can also use this tool. When butchering a carcass they can cut a large vein and dip the FPs in a pool of free-flow blood.

But before FP blood collection can actually be implemented as a means of measuring progesterone in Rangifer, many questions still need to be answered.  
FP samples have been used for measuring progesterone in various mammals (humans, pigs)2,8,10,15 and for detecting antibodies against different pathogens in Rangifer, but this method has not yet been validated for progesterone assessment in these animals.

As FPs have never been used for measuring progesterone in Rangifer, the first objective of the present study is to determine whether FP blood samples are suitable for this purpose.












To mimic the field circumstances in the Arctic region, reindeer blood was collected on FPs under different circumstances, were stored under different conditions and analysed at the following time points: 1 week, 1 month, 6 months and 1 year. 
At the same time blood for serum was collected in tubes to be able to compare the FP-eluate values to the serum values. The serum values will be considered as the golden standard.

Experiment 1: Freeze-Freeze (F-F)
Blood was collected under field conditions and the FPs were frozen immediately after collection in a -20 ˚C freezer. Samples were taken out at each time point and dried overnight at room temperature before analysis.

Experiment 2: Freeze-Dry (F-D)
Blood was collected under field conditions and the FPs were frozen immediately after collection in a -20 ˚C freezer. After 2 weeks of storage they were dried overnight at room temperature and then stored at room temperature. Samples were analysed at the time points 1 month, 6 months and 1 year. 

Experiment 3: Dry-Dry (D-D)
Blood was collected as close to room temperature as possible and the FPs were kept at room temperature until they were dried overnight at room temperature. The FPs were stored at room temperature and analysed at each time point.

Treatment	1 week	1 month	6 months	12 months




Table 1. Overview of the study design

The following tests were performed at the different time points:

1 week:		- Duplicate FP testing for all the animals in F-F and D-D 
			- Testing of neat serum for all the animals
			- Testing of 1:10 serum for all the animals

1 month + 6 months:	- Duplicate testing for all the animals in F-F, D-D and F-D
			- Testing of 1:10 serum for all the animals

12 months:		- Duplicate testing for all the animals in F-F, D-D and F-D
			- Testing of neat serum for all the animals











To determine whether the buffers used in the experiments have any influence on the progesterone values, they were tested separately.
2 eluates from plain FPs + D-PBS stock





To determine whether the use of whole blood on the FPs has a different influence on the progesterone values compared to putting serum on the FPs, they were both tested.
Blood and serum from the 2 adult bulls was used and from each animal the following was tested:
2 eluates from serum-only FPs





To determine whether the use of whole blood on the FP’s has a different influence on the progesterone values compared to putting serum on the FP’s, they were both tested.
Blood and serum from a female with a known high progesterone concentration was used and the following was tested:
2 eluates from serum-only FPs





Blood samples were collected from 12 reindeer (Rangifer tarandus tarandus) at the research facility of Calgary University, Faculty of Veterinary Medicine in Calgary, Canada. 
The group consisted of 7 adult females, 2 adult males and 3 male calves ranging in the age of 1 to 9 years. Detailed information about the animals can be found in Appendix IV. 
The adult females were housed together with the 3 calves. The 2 adult males were housed together, but separate from the rest of the group.
On August 1, 2008, the following females were housed together with the 2 adult males: 3L, 15S, 5K, 10K and 14K. On August 28, 2008 one of the males (3S) was moved to another pen along with the other 2 females (2S and 4S) and the little bull calves. Between October 7 and 11 2008 this male was removed from the pen. On October 28 the other 5 females were taken away from the male and moved in with the other 2 females and bull calves. The 2 males were then housed together.

Sample Collection and Storage





	Figure 1. Squeeze system 				Figure 2. Drawing blood from the cephalic vein

Depending on the position and approachableness of the animal, blood was drawn from the jugular and/or cephalic vein. An example of how blood was drawn from the cephalic vein can be found in figure 2.
Blood collection tubes (“Vacutainers”, BD Franklin Lakes NJ USA) were used for serum collection. 12 or 20 mL disposable syringes with luer lock (IDEAL INSTRUMENTS®) with 18 G needles (PrecisionGlide_®) were used to draw the blood that was dripped on the FPs (Nobuto’s, ADVANTEC®).
After blood was absorbed onto the FP’s, they were shaken to remove excess blood, put in antimicrobial envelopes (Antimicrobial Business Envelopes, Quality Park Products®) and than put in Ziplocs.

Experiment 1+2:
Blood was dripped on the FPs under the reigning circumstances. On sight there was a cooler with many icepacks in it where the FPs were put in. After having sampled the first 4 animals, the samples were taken to a -20 ˚C freezer. After having sampled the remaining 6 animals all these samples were also taken to that freezer. The samples remained frozen until analysis.

Experiment 3:
Blood was dripped on the FPs in a cooler with instant heat Flash Packs in it to try to keep them as close to room temperature as possible. The FPs were immediately taken to a running car to keep them as close to room temperature as possible. 
When returned to the lab, the FPs were taken out and put in drying racks to dry them overnight at room temperature. Then they were stored at room temperature in their envelopes in 1 Ziploc together with desiccant packs until analysis.

Serum collection:
After collection the tubes were taken to the running car together with the FPs of experiment 3 to prevent them from freezing.






Before preparing the elutions, FPs were dried upright in drying racks overnight at room temperature (21 ˚C). (see figure 3)

Figure 3. Drying of the FPs

Elutions can be made from 1 or 2 strips (or more) if larger volume is needed for running multiple tests on one eluate. For this experiment, 2 tests had to be run on one eluate so 2 strips per elution were needed.
The 2 FPs were cut into 5 pieces of fairly even size each and were placed in a 1.5 mL tube. Then 800 μL of buffer was added. For preliminary testing 1 this was D-PBS with antibodies, for preliminary testing 2 both plain PBS and D-PBS stock were used, for preliminary testing 3 and the time points testing plain PBS was used.
The tubes were finger flicked about 10 times to ensure all FP pieces were submerged and moving freely in the fluid. Then they were placed in a fridge (4 ˚C) for 16 hours.
After 16 hours a pipettor with filter tips was used to transfer the eluate fluid to a new 1.5 mL tube. The eluates were placed in a -20 ˚C freezer until analysis.
The blood absorbing area of the FP will hold about 0.1 mL of blood or 0.04 mL of blood serum. According to the manual if 0.8 mL of buffer is added to 2 FP’s, the blood serum dilution of the eluate will be 1:10.

Assay method
The FP-eluates and the serum samples were assayed using a Coat-A-Count radioimmunoassay (RIA) procedure (Siemens Medical Solutions Diagnostics) at Prairie Diagnostic Services in Saskatchewan. 
This is a solid-phase RIA, wherein 125I-labeled progesterone competes for a fixed time with progesterone in the animal’s sample for antibody sites. Because the (rabbit) antibody is immobilized to the wall of a propylene tube, simply decanting the supernatant suffices to terminate the competition and to isolate the antibody-bound fraction of the radiolabeled progesterone. Counting the tube in a gamma counter then yields a number, which converts by way of a calibration curve to a measure of the progesterone present in the animal’s sample.
The calibration range of this test is 0.1-40 ng/mL and the analytical sensitivity is 0.02 ng/mL.
This assay is not specifically validated for use in reindeer and caribou, but it has proved to be quite robust in other wild ungulates.  
The cut-off values for pregnancy that are used are: less than 1 ng/mL = not pregnant, greater than 2 ng/mL is pregnant. These values started as published values for llamas and camelids and then from published values and experience. They have worked quite well for wild ungulates.

Statistical analysis
Ratio’s serum 1:10 : FP-eluates  mean ratio ± SD.
Correlation between the different storage conditions in each time point.





An overview of what was collected on the 2 colletion dates can be found in Appendix V.







Plain FP eluate D-PBS stock	30251	30180
Plain FP eluate D-PBS stock	30823	30726
Plain FP eluate PBS pH 7.2	31948	30654





Table 2. Buffer testing results in progesterone counts per minute

Because these buffers don’t contain any progesterone, the measured values will be below the minimum progesterone value the test is able to detect.
Therefore the results are in progesterone counts per minute.
The zero of the standard curve, when there is no progesterone detected, are 30408 and 31144 counts per minute. The first point on the standard curve is 0.1 ng/mL and its counts per minute are 27160 and 27932.
All the buffers are the same as the zero of the standard curve so there is no progesterone measured.

Serum testing 1
Blood from the 2 adult bulls was used. When this blood and serum was collected the outside temperature was -2 ˚C.

Animal #	Neat serum	Serum 1:10	Serum-only FP	Blood FP




Table 3. Serum testing 1 results in ng/mL

The blood FP-values appear to be higher than the serum-only FP-values. 

Serum testing 2
Blood from an adult female with a known high progesterone level was used. When this blood and serum was collected the outside temperature was -10 ˚C.
  
Animal #	Neat serum	Serum 1:10	Serum-only FP	Blood FP
			Run A	Run B	Run A	Run B
03	5,64	0,59	2,65	2,27	1,05	1,32
Table 4. Serum testing 2 results in ng/mL

The serum-only FP-values are twice as high as the blood FP-values.

Time points
When blood was collected for the time points-testing, the outside temperature was -6 ˚C.















Table 5. Progesterone levels in serum and FP-eluates after 1 week storage in ng/mL

The percentage difference between the expected and the actual measured serum 1:10 value was calculated. It turned out that 30 % of the actual measured serum 1:10 dilutions are over 10 % off from the expected serum 1:10 values.

The mean ratio’s ± SD of the serum 1:10 values versus the FP values were calculated.  The corresponding tables can be found in Appendix VI.
Serum 1:10 vs FF-A			1 : 2,42 ± 0,42
Serum 1:10 vs FF-B			1 : 2,54 ± 0,46
Serum 1:10 vs DD-A			1 : 2,54 ± 0,67
Serum 1:10 vs DD-B			1 : 2,25 ± 0,36

The correlation (R2) between the average FF and DD-values can be found in figure 4. 

Figure 4. Correlation between FF-average and DD-average
















Table 6. Progesterone levels in serum and FP-eluates after 1 month storage in ng/mL

The percentage difference between the expected and the actual measured serum 1:10 value was calculated. It turned out that 75 % of the actual measured serum 1:10 dilutions are over 10 % off from the expected serum 1:10 values.

The mean ratio’s ± SD of the serum 1:10 values versus the FP values were calculated.  The corresponding tables can be found in Appendix VII.
Serum 1:10 vs FF-A		1 : 4,49 ± 2,25
Serum 1:10 vs FF-B		1 : 4,02 ± 1,67
Serum 1:10 vs DD-A		1 : 2,87 ± 1,12
Serum 1:10 vs DD-B		1 : 3,16 ± 0,97
Serum 1:10 vs FD-A		1 : 3,80 ± 1,61
Serum 1:10 vs FD-B		1 : 4,12 ± 2,16

The correlation (R2) between the average FF and DD-values, FF and FD-values and DD and FD-values can be found in figures 5, 6 and 7 respectively.


Figure 5. Correlation between  FF-average and DD-average


Figure 6. Correlation between FF-average and FD-average


Figure 7. Correlation between DD-average and FD-average 

The figures containing the correlation between the FF-A and DD-A values, the FF-B and DD-B values, the FF-A and FD-A values, the FF-B and FD-B values, the DD-A and FD-A values and the DD-B and FD-B values can be found in Appendix VII.





 	 	Mean	Std. Deviation	Std. Error Mean	95% Confidence Interval of the Difference	t	df	Sig. (2-tailed)
 	 				Lower	Upper			
Pair 1	FFave1 - FFave2	-.06900	.09905	.03132	-.13985	.00185	-2.203	9	.055
Pair 2	DDave1 - DDave2	.13500	.11208	.03544	.05483	.21517	3.809	9	.004

Null hypothesis: difference = 0
Alternative hypothesis: difference <> 0

The average of FF after 1 week storage is significantly different from the average of FF after 1 month storage.

















































From the calculated correlations between the different collection and storage conditions, it can be concluded that they are all highly correlated after 1 week storage as well as after 1 month of storage. Since there is no difference in progesterone concentration in the different conditions, it appears that all conditions are suitable for blood collection for measuring progesterone. 
Whether this will be the same after a longer storage period is still unknown. At the end of this entire research, when the samples are stored up to 1 year, a more definite conclusion about the difference between the collection and storage conditions can be made.

Within the FF treatment and storage as well as within the DD treatment and storage there is a significant difference in progesterone concentrations between the 1 week and 1 month storage.
From this it can be concluded that a longer storage period of the FPs has an effect on the progesterone concentration in spite of the fact whether the FPs are stored frozen at -20 ˚C or dry at room temperature.
Hegstad (2006) concluded that when human blood samples were repeatedly frozen and thawed, the serum progesterone concentration decreased by 1% for each cycle. In the case of the FF-treatment this could partly be an explanation for the difference in progesterone concentration, because the samples are stored frozen and then thawed before analysis. But that is not the case for the DD-treatment.
Török et al. (2002) found that in several trial progesterone in dried blood spots in FP cards was resistant to freezing, humidity or intermediate-term (up to 1 year) storage. And Petsos et al. (1985) found progesterone to be stable in blood spots stored at 4 or 25 ˚C for at least 9 to 15 weeks. 

There is a considerable amount of variation in the serum 1:10 dilutions. The expected values are often very different from the actual measured values.
There are 3 possible explanations for this variation: either the calibration of the instruments used to make the dilutions is not correct or the person preparing the dilutions is inconsistent or there is a problem with the RIA test.
Since the tests are performed in a reliable certified lab owned by the province of Saskatchewan and the University of Saskatchewan it can be expected that all the instruments all calibrated properly. And the person who performed the test, is a very experienced lab-employee who has performed these actions successfully many times before. Therefore the RIA test itself appears to play a role in the variability in the serum progesterone values.
The theory that the RIA test might not be very reliable for measuring progesterone is supported by another test-characteristic, namely that the test result is the average of 2 measurements.

In my opinion FP blood samples can be used for measuring progesterone in Rangifer in the future, but much more research is needed before they can really be implemented.
It is clear that FP progesterone values are different from serum progesterone values. Therefore a new cut-off value for pregnancy for FP blood samples is needed. In order to be able to establish a new cut-off value, many more FP blood samples have to be examined to determine the progesterone concentrations.
There is also the possibility that FP blood samples are not suitable for producing quantitative blood progesterone concentrations but only suitable for measuring high or low progesterone concentrations. For the purpose of getting an overall indication of the pregnancy rate in the herds, this should be sufficient. There is no need to know the exact blood progesterone concentration, it is sufficient to know whether an animal is pregnant or not.

Because it appears from this research that the used RIA test might not be very reliable for measuring progesterone in FP blood samples, there is the option of using a different assay method.
Volkmann (2006) found that in canine the progesterone concentrations measured in serum and plasma using RIA was significantly higher than concentrations measured using a chemiluminescent method. Chapwanya et al. (2008) concluded that the Immulite (a chemoluminescent assay) is an accurate and reliable method for serum or plasma progesterone measurement. Therefore the use of a chemoluminescent assay instead of the RIA method might be an option.
A contradiction is the research of Chadio et al. (2002) in which an RIA was used for measuring progesterone in blood spotted on FP in swine. They found a very high correlation between plasma and blood-spot progesterone levels obtained from the same blood specimen.
There a 2 differences between the research of Chadio and this research: the measured the progesterone concentration in plasma instead of serum and the FP-elutions were made using a phosphate buffer containing bovine serum albumin. 
An option for further research could be to add bovine serum albumin to the buffer.

The last possible problem is the use of hunters to deliver the blood samples to researchers. Because hunters often shoot pregnant females, the pregnancy rate that will be found won’t be an accurate representation of the pregnancy rate in the whole herd.
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Methods for pregnancy detection in Rangifer

There are several methods for pregnancy detection in domestic ruminants: rectal palpation, ultrasonic devices and the measurement of pregnancy-related biochemical markers in blood, faeces or milk.14,15 However, not all of these are suitable for Rangifer: rectal palpation is highly invasive and the use of ultrasonic devices is difficult or impossible under field conditions. The most practical method for pregnancy diagnosis in reindeer and caribou is measurement of biochemical markers in blood, faeces or milk. 

































Caribou and reindeer are seasonal, polyestrous breeders. Mating coincides with the decreasing photoperiod in the autumn and animals fawn in spring after a gestation period of approximately 7.5 months.11,12,13
The rut is confined to 2-3 weeks in September/October, but it is known that cyclic ovarian activity can occur from September to February. Physical presence of a bull is not essential to trigger the onset of ovarian cyclicity but Shipka et al. (2002) showed that introducing a bull prior to the start of estrous cyclicity stimulates ovarian activity. They observed that in the presence of a bull estrous cyclicity starts approximately 2 weeks sooner.
The average cycle length for Rangifer is approximately 20 days and they depend on temporary elevations in progesterone concentration for the initiation of regular estrous cycles. 
Progesterone concentrations fluctuate during the estrous cycle and the detailed endocrine profile of the cycle is comparable to that of a ewe.11,12,13 

During pregnancy progesterone concentration can also vary enormously within and between animals. The global pattern is that there is an increase from conception until 1-3 months of pregnancy, after which the concentration can stabilize or decrease slightly. Roughly 3 weeks before calving there is a further increase, followed by a rapid drop just around the time of calving. 
In early pregnancy, the corpus luteum is the main source of progesterone production. It is thought that regression of the corpus luteum causes the decrease in progesterone during pregnancy discussed earlier. Later on in pregnancy, progesterone production is gradually taken over by the feto-placental tissues but the corpus luteum still remains an important source of the hormone.11,12,13
Often there is a considerable overlap in progesterone concentrations between pregnant females and females that are not pregnant, but that are in the luteal phase of the estrous cycle. Flood et al. (2004) found that progesterone concentrations of pregnant females are similar to those of the first true luteal phase of the estrous cycle but greater than those of subsequent cycles. They observed that peripheral plasma progesterone concentrations in pregnant Rangifer (3.4 ± 0.5 ng/mL) clearly exceeded those in non-pregnant animals (0.40 ± 0.14 ng/mL).  And Ropstad et al. (1999) identified a cut-off value of 2.2 ng/mL for determining pregnancy in these animals.
Since progesterone concentrations for some nonpregnant and pregnant females can overlap, measuring plasma progesterone in these animals can be unreliable as a diagnostic tool for use in early gestation. However, because most Rangifer pregnancies are established during the rut, repeated estrous cycling is not common. According to Ropstad (2000) measurement of plasma progesterone is efficient for pregnancy diagnoses in Rangifer when testing is done in January or later. At this stage it is unlikely that high progesterone originated from the corpus luteum of the estrous cycle.

	


























Information about FPs and the Arctic field conditions

In the human medical world, FP has already been used for blood collection for many years. It has also been applied in domestic animal settings and minimally and without validation in wildlife. According to Mei et al. (2005), FP blood collection devices have achieved the same level of precision and reproducibility that analytical scientists and clinicians also expect from standard methods of collecting blood, such as vacuum tubes and capillary pipettes. In addition there is the ease of collection, transport and storage, potentially for very long periods, and FPs appear to be extremely well suited to use in harsh environmental conditions.

As mentioned, FPs are viewed as being extremely well-suited to harsh environmental conditions with respect to handling and storage, but is it really true that they yield valid results after collection in freezing temperatures or after periods of frozen or dry storage? 
Field conditions in the Arctic present many challenges. Often temperatures are as low as 
-40 ˚C so the FPs that are collected may be frozen before there is a chance to dry them. Also, depending on the time and place of collection and collector (hunter or biologist), FPs may be out in the field (frozen) for a long period before they can be dried. It may also take a long time before dried samples get from the Arctic to a lab where they can be analyzed.

All the FP-manufacturers specify in their manuals that the FPs must be air-dried at room temperature before analysis, and that samples must not be subjected to direct sunlight or extreme temperatures. Exposure to moisture must also be prevented because this may harm the specimen by producing bacterial growth or altering the elution time of the specimen.
Ideally, after blood is collected onto FPs, the strips are air-dried upright in a rack overnight at room temperature. After the drying step, elutions can be made immediately or the FPs can be stored at room temperature in sealed bags together with desiccant packs to eliminate moisture.6 




















Birth date:			April 17, 2000
Birth place:			Canadian Rocky Mt. Ranch/Tara farms Inc., Calgary





Birth date:			April 27, 2000
Birth place:			Canadian Rocky Mt. Ranch/Tara farms Inc., Calgary





Birth date:			June 15, 2006
Birth place:			Canadian Rocky Mountain Ranch Ltd., Calgary





Birth date:			April 9, 2001
Birth place:			Canadian Rocky Mt. Ranch/Tara farms Inc., Calgary





Birth date:			June 15, 2006
Birth place:			Canadian Rocky Mountain Ranch Ltd., Calgary





Birth date:			June 15, 2006
Birth place:			Canadian Rocky Mountain Ranch Ltd., Calgary









Birth date:			April 13, 2000
Birth place:			Canadian Rocky Mt. Ranch/Tara farms Inc., Calgary






Birth place:			Canadian Rocky Mountain Ranch Ltd., Calgary






Birth place: 			Canadian Rocky Mountain Ranch Ltd., Calgary






Birth place:			Canadian Rocky Mountain Ranch Ltd., Calgary





Birth date:			June 15, 2005
Birth place:			Canadian Rocky Mt. Ranch/Tara farms Inc., Calgary





Birth date:			June 15, 2006
Birth place:			Canadian Rocky Mountain Ranch Ltd., Calgary
























Table I. Overview of what was collected on March 17, 2009

























Tables and Figures 1 week

Serum 1:10 (ng/mL)	FF-A (ng/mL)	Ratio	Deviation of mean











Mean Ratio = 1 : 2,42 ± 0,42 	
Table III. Ratio between serum 1:10 and FF-A ± SD













Mean Ratio= 1 : 2,54 ± 0,46	
Tabel IV. Ratio between serum 1:10 and FF-B ± SD













Mean Ratio = 1 : 2,54 ± 0,67	
Table V. Ratio between serum 1:10 and DD-A ± SD













Mean Ratio = 1 : 2,25 ± 0,36	
Table VI. Ratio between serum 1:10 and DD-B ± SD


Fig. II. Correlation between FF-A and DD-A








Tables and Figures 1 month













Mean Ratio = 1 : 4,49 ± 2,25	
Table VII. Ratio between serum 1:10 and FF-A ± SD













Mean Ratio = 1 : 4,02 ± 1,67	
Table VIII. Ratio between serum 1:10 and FF-B ± SD













Mean Ratio = 1 : 2,87 ± 1,12	
Table IX. Ratio between serum 1:10 and DD-A ± SD














Mean Ratio = 1 : 3,16 ± 0,97	
Table X. Ratio between serum 1:10 and DD-B ± SD













Mean Ratio = 1 : 3,80 ± 1,61	
Table XI. Ratio between serum 1:10 and FD-A ± SD













Mean Ratio = 1 : 4,12 ± 2,16	
Table XII. Ratio between serum 1:10 and FD-B ± SD


Fig. IV. Correlation between FF-A and DD-A


Fig. V. Correlation between FF-B and DD-B


Fig. VI. Correlation between FF-A and FD-A






Fig. VIII. Correlation between DD-A and FD-A































































































































































































































































 Research Project Calgary University: R.M.J. Span 


